Objective: We tested the hypothesis that growth faltering in rural Guatemala starts earlier than between 3±6 months of life, as generally assumed. Methods: The sample included children from the INCAP longitudinal trial (1969±1977), who had adequate birth weight ( b 71 s.d.) (n 79). Two groups were formed according to weight-for-age (WAZ) at 3 y: Group A: WAZ`72 s.d. (growth-retarded), and Group B: WAZ ! 72 s.d. Weight increments were computed and sexand gender-speci®c de®cits in weight increments from 0±36 months were calculated by comparing values of the WHO/CDC reference data. For the period between 0±12 months, weight increments were also compared to velocity standards: (1) the Fels data and (2) the WHO growth curves for breast fed infants. Results: At 3 y of age, growth-retarded children were 3.6 kg smaller than the WHO/CDC median. Depending on the reference data used, between 19 and 34% of the de®cit at 3 y of age was due to failure to thrive during the ®rst 3 months of life, an additional 12±19% occurred between 3 and 6 months and 12±25% between 6 and 9 months. By 12 months of age, infants had accumulated 45±80% of their total de®cit in weight at 3 y of age. Compared to group B, children from group A had greater morbidity during their ®rst 9 months of life, and their mothers had poorer nutritional status at 3 months postpartum. There were indications that children from group A came from more deprived families. Conclusions: Growth faltering starts soon after birth in rural Guatemala and thus, effective interventions should be targeted to mothers and their infant as early as possible during the ®rst year.
Introduction
Growth retardation in developing countries is assumed to start between 4±6 months after birth, when low-quality and often contaminated foods are introduced in children's diets (Martorell et al, 1994; Beaton, 1993; Waterlow, 1988) . High rates of infections and substitution of breast milk by foods of low nutrient density are thought to be the main determinants of growth faltering in the ®rst year of life (Martorell and Habicht, 1986) . It is generally thought that in countries like Guatemala where exclusive or predominant breast feeding is almost universal, the early post-natal growth of infants with adequate birth weight is comparable to that of infants from developed countries.
Cross-sectional analyses of data from rural Guatemala suggest that growth retardation is already highly prevalent among 3 month old infants , and that up to 34% of children have low weight-for-age at 36 months of age. The purpose of the present research was to study longitudinally the timing of growth retardation among Guatemalan children who were born with adequate weight, but who became growth-retarded during their ®rst three years of life.
Methods

Data and sample
The data were collected by The Institute of Nutrition of Central America and Panama (INCAP) during a longitudinal supplementation trial conducted in rural Guatemala between 1969 and 1977 . Detailed description of the study is presented elsewhere (Habicht and Martorell, 1992) ; a brief summary follows.
Four villages were randomly assigned to receive either a high-calorie, high-protein drink (Atole, which contained 381 kJ (91 kcal) and 6.1 g of protein per 100 mL), or a low-calorie, non-protein drink (Fresco, which contained 138 kJ (33 kcal) per 100 mL and no protein). The supplements were made available at a central location to all pregnant and lactating women and to all children 7 y of age or younger.
Children who received the Atole supplement grew signi®cantly better than children from the Fresco villages . Therefore, only children who received Fresco (control group) were included in the analyses because the objective of the present study was to describe usual patterns of growth retardation in this population. Consumption of Fresco contributed only marginally to the daily energy intake of children, providing on average 63 kJ (15 Kcal) per day. Thus, the sample consisted of children from the Fresco villages whose birth weight was greater than 71 s.d. from the median of the WHO/CDC reference data (WHO, 1979) , and who had complete weight data from birth to 36 months of age (at 11 age points: birth 3, 6, 9, 12, 15, 18, 21, 24, 30 and 36 months; n 79). Infants with low birth weight (lbw) were excluded from the analyses because lbw infants usually have a different pattern of early post-natal growth than infants with adequate birth weight (Villar et al, 1982 (Villar et al, , 1984 Tenovuo et al, 1987) .
Variables
Trained ®eld workers recorded the infants' weight and length (to the nearest 10 g and 1 mm, respectively), using standardized procedures (Lohman et al, 1988; Habicht, 1976) .
Other variables used in the analyses included: breast feeding duration (in months), as reported by the mother during bi-weekly home visits (this refers to any breast feeding); home diet: mean daily energy intake from home diet (kJ/d), estimated by multiple 24 h recalls conducted with mothers every three months between 15±36 months of age; morbidity: percent days ill with diarrhea, respiratory infections, or fever between birth and 3 y of age, collected by recall every 2 weeks during home visits; maternal anthropometry (weight, height, and body mass index (BMI)), parity, number of years of schooling; and family socioeconomic status derived from Principal Components analysis using data on housing quality and family possessions .
Analytical methodology
The sample was divided into two groups, based on children's nutritional status at 36 months of age. Children with weight-for-age below 72 s.d. of the median of the WHO/ CDC reference population formed group A (growthretarded), and the rest of the sample formed group B (less growth-retarded). Mean attained weight at every age point was compared between the groups, and with the WHO/CDC reference data. Weight increments were computed for the following age intervals (0±3, 3±6, 6±9, 9±12, 12±15, 15±18, 18±21, 21±24, 24±30 and 30±36 months. Gender-and age-speci®c expected increments were obtained using the difference between median weight values for the reference population. De®cits in weight increments relative to expected were then obtained for each child and each age interval. The WHO/CDC reference data for attained weight were used as opposed to velocity standards (Roche et al, 1989; WHO Working Group on Infant Growth, 1994) , because the latter only provide data for the ®rst 12 months of age. For this period, however, we compared weight increments to the velocity standards developed by Roche and collaborators (1989) using the Fels data, and with the recently developed growth curves for breast fed infants (WHO Working Group on Infant Growth (1994)). Because there were no data available for the 0±1 months interval with either velocity standards, the average of the 1±3 month values were extrapolated over the 0±3 month period.
Differences between groups A and B in weight increments and in child and family characteristics were tested by t-test. Table 1 presents the main characteristics of the sample, by nutritional status at 3 y of age. As expected, the groups were statistically signi®cantly different in all three indicators of nutritional status at 3 y of age. Growth-retarded children also tended to have lower mean birth weight, lower energy intake for home diet, greater morbidity (fever and diarrhea), shorter mothers, larger family size and lower socioeconomic status than children from group B, but only differences in fever and family size were statistically signi®cant. Figure 1 shows that the growth of children from group B followed the same pattern as the WHO/CDC reference between birth and 3 months of age, started to deviate between 3 and 6 months and showed a frank deterioration after 6 months of age. Children who were growth-retarded at 3 y of age (Group A), however, showed a marked departure from the reference line already by 3 months of age. At 6 months of age, they were approximately 1 kg smaller than children from group B, and the size of this difference remained relatively constant thereafter. Table 2 presents mean weight increments, as well as the de®cits in weight increments compared to the WHO/CDC median, by age interval and group. Weight increments were consistently smaller in group A compared to group B, except at ages 12±15 and 18±21 months. Differences were statistically signi®cantly different at 4 y intervals, including the 0±3 and the 3±6 months interval. De®cits in weight increments among group A were markedly larger in the ®rst 9 months of life, compared to later ages. At 3 y of age, children from group A had accumulated a total weight de®cit of 3.6 kg compared to the WHO/CDC population. Table 2 shows that up to 19% of this de®cit was due to growth faltering between 0 and 3 months of age, and an additional 19% was due to faltering between 3 and 6 months of age. By 9 months of age, children had accumulated up to 62% of the total de®cit in weight observed at 3 y of age. Similar patterns of early faltering occurred among children from group B, although the de®cits were generally of smaller magnitude, and some catch-up occurred after 24 months of age (as indicated by the negative de®cits (Table  2) ). Figure 2 compares the results obtained for group A using the WHO/CDC standards with those obtained when velocity standards were used. It shows the cumulative percentage of total de®cit acquired at different age intervals, according to the three sets of reference data used. The weight de®cits among our sample of growth-retarded children were consistently greater when the Roche standards were used compared to the other two reference data. According to the Roche standards, up to 80% of the total de®cit at 3 y of age was acquired by 12 months of age, compared to 53.5% when the WHO growth curves for breast fed infants (WHO-BF) were used. Irrespective of the reference standards used, between 19 and 34% of the weight de®cit at 3 y of age was explained by growth retardation during the ®rst 3 months of life, and an additional 12±19% was due to poor growth between 3 and 6 months of life. At 12 months, between 45 and 80% of the total de®cit seen at 3 y of age was acquired. Table 3 presents additional information to investigate why growth faltering occurred so early in life in this population. Morbidity from respiratory infections, diarrhea and fever was generally higher among children from group A during the ®rst 9 months of life, although only the difference in fever between 6 and 9 months of age was statistically signi®cant. Maternal weight and BMI at 3 months postpartum were also signi®cantly lower among children from group A, suggesting that poor maternal nutritional status may have played a role in children's poor growth.
Results
Discussion
Our study shows that growth faltering starts soon after birth, at least in some countries of the developing world. In Guatemala, depending on the reference standard used, between 19 and 34% of the weight de®cit observed in growth-retarded 3 y old children was due to failure to thrive during the ®rst 3 months of life. By 6 months of age, children had accumulated between 33 and 49% of the total weight de®cit observed at 3 y of age (3.6 kg). This result was unexpected, considering that all children were at least predominantly breast fed and that complementary foods are not usually introduced before the age of 4±6 months in this population. All children in our sample were breast fed for at least 8 months.
One of the reasons why previous studies have failed to detect early growth faltering may be because they did not isolate truly growth-retarded children and examine their growth pattern separately. Our study clearly showed that children who were growth-retarded at 3 y of age (WAZ`72 s.d.) had different growth patterns than less growth-retarded children (WAZ ! 72 s.d.), particularly during the early postnatal period. Our ®ndings challenge current knowledge and understanding of the etiology and timing of growth failure in developing countries. While breast feeding is known to protect against infectious diseases (Brown et al, 1989; Victora et al, 1987; Martines et al, 1994) , it does not appear to prevent growth retardation in poor rural Guatemalan children during the early postnatal period. It is possible that non-optimal breast feeding practices such as the use of prelacteal feeds, and teas and sugared water once lactation is established interfere with lactational performance and reduce the infants' breast milk intake. Unfortunately no information is available on the use of complementary liquids and foods before the age of 15 months for this sample.
An alternative explanation could be that breast milk is de®cient in some micronutrients which limit growth during the period of predominant breast feeding. The fact that mothers of growth-faltering children had a signi®cantly lower weight and BMI indicates a poorer nutritional status, which could affect breast milk composition or volume. The literature on this topic, however, indicates that milk volume and energy content are little affected by marginal maternal nutritional status, even at BMI values much lower than the average 21.2 kg/m 2 found in our study (Brown et al, 1986; Prentice et al, 1986) . The lower infant birth weight and maternal BMI at 3 month postpartum among children from group A does suggest that maternal diet during pregnancy and lactation may have been less than optimal. This, in turn, could affect their breast milk concentration of certain vitamins, particularly the water-soluble vitamins which are more responsive to maternal dietary intake than minerals and macro nutrients (Subcommittee on Nutrition During Lactation et al, 1991) .
Growth-retarded children also came from poorer families and spent a larger percentage of days ill during their ®rst few months of life. Although the sample size was generally too small to detect statistically signi®cant differences between groups, the mean values for family socioeconomic status, family size, child dietary intake and morbidity suggest that growth-retarded children lived in more deprived conditions and were more prone to infectious diseases.
Our sample was purposely restricted to infants with adequate birth weight ( b 71 s.d.) in order to exclude intra-uterine growth-retarded infants who usually have different patterns of growth during their ®rst few months of postnatal life. We also excluded infants who had been exposed to the Atole treatment, because these infants grew better as a result of the intervention. Analyses done on the non-restricted sample, however, showed similar results to those presented here, with even greater de®cits acquired during the ®rst 3±6 months of life. Thus, we do not feel that the restrictions made on the sample biased our main ®nding that growth retardation starts soon after birth.
Studies have shown that anthropometry at 3 y of age is strongly correlated with attained size at adulthood, body composition, work performance, intellectual development and reproductive performance (Martorell, 1995) . The pre- Figure 2 Cumulative percentage of total de®cit in weight at 3 y of age acquired at different age intervals (group A), according to three reference data. Roche reference data are based on the Fels longitudinal growth data (Roche et al, 1989) ; the WHO/CDC reference data are attained values (WHO, 1979) ; the WHO-BF data are the WHO growth curves for breastfed infants (WHO Working Group on Infant Growth, 1994). sent study showed, in turn, that growth during the early postnatal period is a crucial determinant of attained size at 3 y of age. Research is urgently needed to understand why growth retardation occurs so early in life, even among populations where predominant breast feeding for the ®rst 4±6 months is almost universal. Similar analyses should be replicated in other countries where breast feeding patterns and levels of malnutrition differ in order to improve our understanding of the timing and the etiology of growth retardation, and to design cost-effective interventions to prevent early faltering.
